A new photochemical reaction for low-temperature deposition of silicon dioxide has been developed. In this process silane is reacted with nitrogen dioxide in the presence of vacuum ultraviolet radiation. The electrical and mechanical properties of films grown at 1006C are reported. Capacitance voltage measurements on metal-oxide-semiconductor structures on silicon indicate an interface state density <5
PREFACE
The authors would like to thank Gloria Tao and Robert Egler for their assistance in obtaining infrared spectra and C-V data. Second, exposure of the substrate to VUV irradiation, prior to the deposition, removes some contaminants from the surface. 7 The use of nitrogen dioxide has an important advantage over photoreactions where nitrous oxide is used. Nitrogen dioxide is a strong oxidant and, by having a large excess present, any reduction of native oxides by the silane can be prevented. In experiments using this reaction to passivate InSb and HgCdTe, the native oxide was preserved during film deposition.
Aossion For NRTIS GRAI--
The deposition reactions were performed in a low-pressure reactor with a windowless, microwave-excited, argon discharge lamp (1066 A) used for a light source. The photon flux was determined by measuring the photoelectron yield from a gold substrate. The flux was determined to be 3 K photons/cm2s at a distance of 4 cm from the end of the lamp (this a lower bound, the flux could be as much as a factor of 3 higher). The argon flow was adjusted to maintain the partial pressure of argon at 3 Torr inside the chamber. The silane and nitrogen dioxide were mixed before entering the reactor chamber, and the flow of each gas regulated by mass flow controllers. The flow rate of NO 2 These electron traps may be due to nitrogen dioxide in the films and we are investigating how to reduce this shift.
It was observed that the initial growth rate was highly dependent upon the substrate material. The growth rate was typically around 100 A per min on silicon. However, the initial growth on HgCdTe was observed to be 30% faster than the growth on silicon, which in turn was 20% faster than the growth on gallium arsenide. The growth of silicon dioxide is found to be limited to the area being illustrated by the lamp, and the thickness fell off rapidly as a function of distance from the center of the lamp. A thin, less dense film was observed to grow on the outer edges of the substrate and on the chamber walls. The dependence of the growth rate upon the light intensity indicates that the primary reaction is photo-initiated and not caused by the discharge.
There are several reactions that occur in the growth of these silicon dioxide films. Silane is photodissociated at wavelengths below 1700 A with a maximum in the cross section at 1150 A. 9 This gives silane radicals which can then react with the NO 2 giving SiO 2 [reaction (1)]. Because of the large uncertainty in the photon flux, the quantum yield of the reaction could not be determined. very rapid (k = 1 -10-10 cm 3 mol -1 s-1).11 Since there is a large excess of NO 2 , any oxygen atoms generated from its photodissociation will probably react to form 02 and NO before they can react with silane.
A possible explanation for the substrate-dependent growth rate could be a photo-assisted surface reaction. It has been observed that illumination of the surface enhances the thermal oxidation of silicon.
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One mechanism for the photo-assisted surface reaction would be if the irradiation is generating a more reactive surface. The 12 eV photons of the argon discharge lamp are of high enough energy to break silicon oxygen bonds, thus continuously generating reactive surface sites. The observed trend in growth rates correlates well with the dissociation energies of HgO, Si0 2 , and Ga 2 0 3 , the growth rate being slowest on the substrate with the highest native oxide dissociation energy.
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